Vilsmeier-Haack reaction conditions were applied on some methyl ketone aryl phosphonic dihydrazones to yield some interesting bis-pyrazole derivatives containing a hydrophosphoryl unit. Bis-{4-formyl-3-aryl-1H-pyrazol-1-yl}phosphine oxides (4a,b) were condensed with some nucleophiles such as aniline, phenacyl triphenylphosphonium bromide and 4-phenylthiosemicarbazide followed by treatment with thioglycolic acid, diethyl phosphite and/or acetic anhydride to yield a novel class of bis-pyrazoles containing sulfur and phosphorus derivatives. Most of the newly synthesized compounds were evaluated for their in vitro antimicrobial activities.
Introduction
Pyrazole and its derivatives represent one of the most active classes of compounds possessing a wide spectrum of biological activities including antibacterial [1, 2] , antifungal [3, 4] , herbicidal [5] , insecticidal [6] and other biological activities [7] . Up till now, a great variety of these kinds of compounds have been synthesized, among which some commercial pesticides have been developed including Fripronil (MB46030) [8] , ET-751 [9] and Pyrazolate (A-544) [10] . On the other hand, organophosphorus compounds possess insecticidal, pesticidal, acaricidal and antimicrobial properties [11] [12] [13] [14] [15] . These compounds exert their biological action on arthropods by attacking the system of neural transmission and inhibiting the function of acetyl cholinesterase [16, 17] . In particular, organophosphorus compounds including hydrophosphoryl group (H−P=O) are widely used in industry, agriculture and medicine. It is interesting that many hydrophosphoryl compounds are also used as complexing and extracting agents, as well as corrosion and saline deposition inhibitors [18, 19] . The connection of a heterocyclic moiety with organophosphorus compounds further may enhance their biological activities. In continuation of our research work on the synthesis of bioactive phosphorus containing heterocycles [13, 15, [20] [21] [22] , it was considered valuable to integrate hydrophosphoryl unit and pyrazole rings together in novel a
[B002] molecular frame to see the additive effect of these novel frames towards the antimicrobial activity.
Results and Discussion
The key intermediate in the present work is phosphonic dihydrazide (1) form) and trivalent (λ 3 , σ 3 form) phosphorus atom (phosphonate-phosphite i and iv) (Scheme 2) [24] [25] [26] [27] . Also, the 13 C NMR spectrum of compound 3a displayed the carbon atoms of methyl and C=N groups at δ 14.7 and 157.2 ppm, respectively. Furthermore, compound 3c exhibited a signal in its 31 P NMR spectrum at δ 18.4 ppm due to the presence of a hydrophosphoryl unit [28] . The mass spectral data of 3a-d were in accordance with their molecular formulas.
Scheme 1

Scheme 2
A convenient procedure for the synthesis of 4-formylpyrazole derivatives is based on the Vilsmeier-Haack reactions with methyl ketone aryl hydrazones [29] [30] [31] [32] . Thus, application of Vilsmeier-Haack reaction on phosphonic dihydrazones 3a,b afforded bis{4-formyl- 3- i ii iii iv 1H-pyrazol-1-yl}phosphine oxides (4a,b) (Scheme 3). The proposed mechanism for the formation of 4a,b involved double formylation at each methyl group of phosphonic dihydrazones 3a,b, followed by self cyclization then hydrolysis in basic medium [33] . The IR spectra of compounds 4a,b showed two strong absorption bands at 1678-1671 and 1284- 
Scheme 3
Bis(4-formylpyrazolyl)phosphine oxides 4a,b were oxidized in basic medium by potassium permanganate to give the corresponding bis(4-carboxypyrazolyl)phosphine oxides 5a,b, respectively (Scheme 4). The oxidation reaction took place only on the formyl groups. This may due to the phosphorus centers in 4a,b are less susceptible to electrophiles, and ultimately more stable and resistant to spontaneous oxidation. Structures of products 5a,b
were established on the basis of their elemental and spectral data (See Experimental Section). The present work was also extended to apply the Vilsmeier-Haack reaction on phosphonic dihydrazones 3c,d which contain active functional groups in ortho positions that led to new fused pyrazole systems. Thus, when phosphonic dihydrazone 3c was treated with Vilsmeier reagent afforded a red crystalline product namely, bis{4-hydroxy-2,4-dihydrochromeno[4,3-c]pyrazol-2-yl}phosphine oxide (6) . Formation of compound 6 involved double formylation at the methyl groups of 3c, followed by nucleophilic attack of NH groups at -CH=N + (CH 3 ) 2 moieties to eliminate two molecules of dimethylamine.
Another nucleophilic attack took place by phenolic OH groups at -CH=N + (CH 3 ) 2 moieties, followed by hydrolysis to give the final product (Scheme 5). The spectral data of 6 recommended the cyclic structure as its 1 H NMR spectrum displayed a broad singlet (D 2 O exchangeable) at δ 3.72 ppm due to alcoholic OH protons and singlet signal at δ 6.53 ppm indicated to H-2 proton of hydrochromene moieties. The protons of the formed pyrazole rings were also observed in 1 H NMR spectrum at δ 7.96 ppm while proton of hydrophosphoryl unit at δ 7.44 ppm (J PH = 423 Hz), respectively. Also, its IR spectrum showed a broad band at 3135 cm -1 due to alcoholic OH group. The oxidation reaction of compound 6 with selenium dioxide in dry dioxane yielded bis{chromeno [4,3-c] pyrazol-4-oxo-2-yl}phosphine oxide (7) (Scheme 6). The absorption band of carbonyl group appeared at 1652 cm -1 [34] in the IR spectrum of 7. Also, its structure was confirmed from 1 H NMR spectrum by disappearance of OH and C 2 -H protons of compound 6. Sulfur and phosphorus containing heterocyclic compounds play an important role in organic chemistry and attract strong interest due to diversity of their chemical transformations and broad spectrum of biological activity [36, 37] . In this research, bis(4-formylpyrazolyl)phosphine oxides 4a,b turned out to be fairly reactive compounds, and they readily condensed with nitrogen and carbon nucleophiles to give the corresponding condensation products. The reactivity of these condensation products towards sulfur and phosphorus reagents was investigated. Thus, treatment of compound 4a with aniline, in refluxing ethanol, afforded yellow crystals of bis{3-phenyl-4-[(phenylimino)methyl]-1H-pyrazol-1-yl}phosphine oxide (9) (Scheme 8). The structure of bis-Schiff's base 9 was confirmed by both spectral and elemental analysis (See Experimental Section).
When bis-Schiff's base 9 was treated with thioglycolic acid, in refluxing dry DMF containing anhydrous zinc chloride as a catalyst, afforded a single product identified as bis{3- (10) . The latter compound was also obtained authentically in one-pot (four components) from the direct reaction of 4a with aniline and thioglycolic acid in the presence of anhydrous zinc chloride (Scheme 8 [38] , produced a novel type of bis(α-aminophosphonate) structure 11, which was also obtained authentically in high yield in one-pot (four components) from the direct reaction of 4a with aniline and diethyl phosphite in the presence of BF 3 .Et 2 O at 80 o C under Kabachnik-Fields reaction conditions [39] (Scheme 8). The absorption bands of NH and two P=O groups in IR spectrum appeared at 3300, 1287 and 1233 cm -1 , respectively. Also, the 1 H NMR spectrum of 11 exhibited triplet and quartet at δ 1.07 and 3.96 (J= 6.8 Hz) corresponding to ethoxy protons. Because of coupling with phosphorus atom, the proton of CH-P exhibited a doublet signal at δ 4.91 ppm (J PCH = 18.4 Hz). Moreover, its 13 C NMR spectrum displayed the ethoxy carbon atoms at δ 16.0 and 62.7 ppm, while the carbon atom of CH-P at δ 46.1 ppm (J PC = 161 Hz). The presence of only one signal observed for CH-P and OCH 2 CH 3 groups indicated that only one of the two possible diastereomers (meso and racemic forms) is formed stereospecifically. These observations were further confirmed by analysis of the 31 P NMR spectrum of 11, in which only one sharp phosphorus signal is observed at δ 21.56 ppm for α-aminophosphonate groups indicating that only one diastereomer contributes to the structure [40] .
Scheme 8
Recently, chalcones have been reported to exhibit a wide variety of pharmacological effects [41, 42] . Thus, when bis(4-formylpyrazolyl)phosphine oxide 4a was allowed to react with phenacyltriphenylphosphonium bromide in dry dioxane containing drops of triethylamine as basic catalyst under Wittig reaction conditions [43] ,
afforded a product identified as bis{3-phenyl-4-(1-oxo-phenylprop-2-en-3-yl)-1H-pyrazol-1-yl}phosphine oxide (12) (Scheme 9)
. The IR spectrum of 12 showed one characteristic absorption band at 1687 cm -1 assignable to carbonyl groups. Also, its 1 H NMR spectrum exhibited two doublet signals at δ 8.09 and 7.78 ppm (J= 13.8 Hz) due to olefinic protons H α and H β , respectively, while the carbon atoms C α and C β appeared at δ 138 and 118.7 ppm in its 13 C NMR spectrum [44] .
Moreover, the mass spectrum of 12 recorded a highest ion peak at m/e 414 after losing diphenyl moieties and carbon monoxide with a base peak at m/e 57.
Scheme 9
Bis-chalcone 12 is seemed to be a logical starting material for synthesis of sulfur and phosphorus heterocycles via its reaction with sulfur and phosphorus nucleophiles. Thus, reaction of bis-chalcone 12 with thioglycolic acid in dry dioxane containing anhydrous potassium carbonate furnished exclusively and reasonable good yield a product that could be 
Scheme 11
Reaction of bis(4-formylpyrazolyl)phosphine oxide 4b with 4-phenylthiosemicarbazide (17) in refluxing ethanol produced the corresponding bis-thiosemicarbazone 18 in moderate yield (Scheme 12). The structure of 18 was established on the basis of its elemental analysis, IR, 1 H NMR and mass spectral data (See Experimental Section).
Scheme 12
It is known that thiosemicarbazones could be used as a precursor for the synthesis of a variety of bioactive sulfur-nitrogen heterocyclic systems [46, 47] . Thus, refluxing of bis- respectively. Moreover, its 31 P NMR spectrum exhibited two signals at δ 6.62 and 28.08 ppm corresponding to H-P=O and EtO-P=O groups, respectively [15] .
Scheme 14
In vitro antimicrobial activity All the synthesized compounds were evaluated in vitro for their antibacterial activity against Staphylococcus aureus (ATCC 25923) and Streptococcus pyogenes (ATCC 19615) as examples of Gram positive bacteria and Pseudomonas fluorescens (S 97) and Pseudomonas phaseolicola (GSPB 2828) as examples of Gram negative bacteria. They were also evaluated in vitro for their antifungal activity against Fusarium oxysporum and Aspergillus fumigatus fungal strains. Agar-diffusion technique was used for the determination of the preliminary antibacterial and antifungal activity [49] . The test was performed on medium potato dextrose agars (PDA) which contain infusion of 200 g potatoes, 6 g dextrose and 15 g agar [50] . 1) The investigation of antibacterial and antifungal screening data in Tables 1-3 revealed that most of the synthesized compounds were found to possess various antimicrobial activities towards all the microorganisms. 2) In general, most of the synthesized compounds exhibited antibacterial activity better than antifungal activity. 3) Most of the synthesized compounds showed inhibitions against Gram-positive bacteria more than Gram-negative bacteria except 12 which showed also high activity against P. phaseolicola. 4) Most of the synthesized compounds showed low activity at 1 mg/cm 3 and moderate inhibition at 2 mg/cm 3 .
5) Phosphonic dihydrazones 3a-c did not exhibit any effects against all microbial strains.
Only compound 3b showed a lower inhibition against Gram-negative bacteria at 2 mg/cm 3 .
6) The products 4a,b, 6 and 8 revealed better activities against bacterial strains in comparison with the corresponding phosphonic dihydrazones 3a-d. This activity may be attributed to the presence of the formed bioactive pyrazole rings by Vilsmeier-Haack reaction.
7) Compounds 9, 12 and 18 did not show noticeable activity in comparison with their corresponding bis(4-formylpyrazolyl) phosphine oxides 4a and 4b (Figures 1-3 ). 8) Compounds 10, 14 and 20 showed slightly activity more than their corresponding starting material 9, 12 and 18, respectively, as result of sulfur atoms effects to their structures which may cause enhanced activity (Figures 1-3 ). 9) Compounds 11, 16 and 22 showed comparatively good activity more than their corresponding starting material 9, 12 and 18, respectively, which may due to addition phosphorus atoms to their structures which may cause enhanced activity (Figures 1-3 ). 10) Compounds 11, 16 and 22 (including extra phosphorus atom) showed good inhibitions against all bacterial and fungal strains, while compounds 10, 14 and 20 (including sulfur atom) showed a degree of inhibition against only bacterial strains (Tables 1 & 2 ). This may due to a combination between the extra phosphorus atoms with compounds 9, 12 and 18 leading to a biocidal effects activity more that sulfur atom moieties. 11) Compounds 11, 16 and 22 exhibited good inhibitions against all microbial strains which may due to presence of acyclic or cyclic α-aminophosphonate and ethyl phosphonate moieties, previously noted for their impact on biological systems [17] (Figure 4 ). 12) In conclusion, compounds 11, 16 and 22 are nearly as active as reference drugs against some microbial strains. However none of the test compounds show superior activity than the reference drugs. 
Bacterial strains Inhibition zones (mm)
at 2 mg/ml compound 4a compound 9 compound 10 compound 11 Figure 1 . Relationship between inhibition zones at 2 mg/ml and bacterial strains for compounds 10 and 11 which refers to an increase in activity via addition sulfur and phosphorus atoms to starting materials 4a and 9. Relationship between inhibition zones at 2 mg/ml and bacterial strains for compounds 14 and 16 which refers to an increase in activity via addition sulfur and phosphorus atoms to starting materials 4a and 12.
Experimental
The melting point was determined in an open capillary tube on a digital Stuart SMP-3 apparatus. Infrared spectra were measured on Perkin-Elmer 293 spectrophotometer (cm -1 ), using KBr disks. 1 H NMR spectra were measured on Gemini-200 spectrometer (200 MHz), using DMSO-d 6 as a solvent and TMS (δ) as the internal standard. 13 C NMR spectra were measured on Mercury-300BB (75 MHz), using DMSO-d 6 as a solvent and TMS (δ) as the internal standard. 31 P NMR spectra were registered on a Varian Inova 500 MHz spectrometer at room temperature using DMSO-d 6 as a solvent and TMS as internal standard and 85% H 3 PO 4 as external reference. Mass spectra recorded on a Gas Chromatographic GCMSqp 1000 ex Shimadzu instrument at 70 eV. Elemental microanalyses were performed at microanalysis center in National Research Center, Giza. The purity of the synthesized compounds was checked by thin layer chromatography (TLC). 
Bis{3-phenyl-4-(4-phenyl-2-thienyl)-1H-pyrazol-1-yl}phosphine oxide (14)
A mixture of bis-chalcone 12 (0.001 mol, 0.59 g) and thioglycolic acid (0.0025 mol, 0.23 g) in dry dioxane (20 cm 3 ) in the presence of anhydrous potassium carbonate (1 g), was
refluxed for 8 h. 
